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Power Grid: Large Supply
Chain With No Warehouse

« Electrification: Premier
Engineering
Accomplishment
of the 20" Century [ NAE ]

 Harnessing Renewable
Power: #1 Challenge for
215t Century

* Limited Storage

United States
transmission grid
Source: FEMA
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Electric Energy Storage Applications
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Storage For Firming Renewables
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Need: Grid Storage that is Dispatchable
| Problem: and Rampable
MUUICER el CR O SN RCCS | ARPA-E: Energy Storage to Enable High

Penetration of Renewables
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ligh Renewable Generation Integration
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Wind Generation and Balancing Storage in
High Renewable Penetration Regions
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System Challenge: Efficient Energy Storage at Minutes
to Hours Duration to Firm Ramping Balance
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http://blog.oregonlive.com/environment_impact/2008/07/damphoto.jpg�

Grid-scale Rampable Intermittent
Dispatachable Storage (GRIDS) Metrics
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Minimum Response Time & Seconds 6 Minutes

Focus: Transformational approaches to New Technology Need: Cost-
energy storage to enable low cost Effective Energy Storage Solutions
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Portfolio of Projects
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Transformative Electrochemical Flow Storage System

Z. Pratt & Whitney

A United Technologies Company

% United Technologies
Research Center

Pratt & Whitney Rocketdyne, Inc.

lon Exchange
Membrane

A unique flow battery cell that provides
10X increase in power density

Novel cell design will reduce system cost
by 2-4X

électrulyte. T.anlts
Jump-starts domestic effort in redox flow

batteries, which had migrated out of Cell power density conparison (Wiemnr)
North America

Typical flow-battery
cell

UTRC flow-battery
cell
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Rechargeable Iron-Air Battery
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) i advanced o for hydrogen
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Fuel-Free Isothermal Compressed Air Storage

M, GENERAL
Y COMPRESSION

Innovative Technology: Table Top Prototype  Demo
New Isothermal Compressor / Expander (Prior)  (ARPA-E) (Private $)
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Grid Storage Program Breakout
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AND AFFILIATED COMPANIES

Industrial Panel

Focused Networking
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